The vision of a steady-state economy elaborated by Herman Daly describes an economy that uses materials and energy within the regenerative and assimilative limits of the planet's ecosystems. Sustainable scale, just distribution, and efficient allocation are its constitutive theoretical goals. This paper is a critique of the theoretical foundations of steady-state economics. It argues that steady-state economics consists in an attempt to squeeze neoclassical economics into a biophysical and ethical corset. As a result, many fundamental flaws and criticisms of neoclassical economics remain. As a consequence, steady-state economics does not lead to a radical departure from, or improvement upon, neoclassical theory but rather to fundamental internal inconsistencies between the 'old' economics paradigm and 'new' progressive ecological economic thinking. Contradictions appear at various levels ranging from ontology and methodology to theory and values. As Daly has pioneered the foundations of ecological economics with his thinking, these ambiguities are not only problematic for steady-state economics but ecological economics as a field more generally. The paper concludes that ecological economics has to let go of neoclassical foundations as they contradict its core values and ambitions. A new and consistent theory of political economy of the environment along heterodox lines is needed.
Introduction
Steady-state economics is one of the most influential theories in ecological economics for considering the interrelated nature of ecological and economic systems. The vision elaborated by Herman Daly describes an ecologically sustainable economy that uses materials and energy within the regenerative and assimilative limits of the planet's ecosystems. It is defined in physical terms, by a constant stock of human population, domesticated animals (i.e. livestock) and built capital -such as buildings, infrastructure, or durable consumer goods -that are maintained by a low rate of matter-energy throughput (Daly, 1974a (Daly, , 1991a O'Neill, 2015) . Daly argues that a physically non-growing or steady-state economy is the only long-run alternative for economies to die of old age in the distant future rather than of the cancer of 'growthmania ' (Daly, 1996 ' (Daly, , 2010b .
The analytical starting point for the steady-state goal is a new preanalytic vision (Schumpeter, 2006 (Schumpeter, [1954 ) that overcomes the shortcomings of traditional economic ontology. Daly attacks the isolated circular flow model of exchange value of 'orthodox economics' for ignoring biophysical reality and absolute resource limits. Instead, he proposes a view of the economy as a subsystem of a finite ecosystem that is totally dependent on it, both as a source of low-entropy matter-energy and as a sink for high-entropy matter-energy (Georgescu-Roegen, 1971 ). This worldview infers that modern societies have moved from an 'empty world', where the scale of the economy was relatively small compared to its surrounding ecosystems, into a 'full world', where it increasingly presses against planetary boundaries (Steffen et al., 2015) .
The full-world perspective begs the question: how big can the economy get in relation to its surrounding ecosystems? This is the matter of sustainable scale which is Daly's most important concept and subject matter for a new 'Environmental Macroeconomics' that is meant to focus on "the volume of exchanges that cross the boundary between system and subsystem" (Daly, 1991b (Daly, : 256, 1996 . Scale is defined as the material-throughput that can be tolerated without eroding the carrying capacity and resilience of natural systems.
1 As we approach or overshoot sustainable scale, or planetary boundaries in modern parlance, the aim can no longer be quantitative growth but qualitative development, leading to "an economics of better, not bigger" (Daly, 1996: 167) . The implementation of the steady-state economy is envisaged as a hierarchy of three consecutive goals: sustainable scale, just distribution, and efficient allocation (Daly, 1991a (Daly, , 1992 (Daly, , 2010b . A 'good' scale is at least sustainable. Once the overall cake is no longer growing, distribution becomes an issue in its own right that has to be tackled as a separate economic goal. Distribution means deciding how to divide the resource flow amongst people, and a 'good' distribution is one that is just or fair, based on ethical principles and keeping levels of inequality below reasonable 
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Ecological Economics j o u r n a l h o m e p a g e : w w w . e l s e v i e r . c o m / l o c a t e / e c o l e c o n levels. Only after a resource limit and the level of distribution have been set does efficient allocation become the mechanism to determine the destination of scarce resources. A 'good' allocation is efficient if it:
"allocates resources among product end-uses in conformity with individual preferences as weighted by the ability of the individual to pay. The policy instrument that brings about an efficient allocation is relative prices determined by supply and demand in competitive markets" (Daly, 1992: 186) .
Daly leaves little doubt that allocative efficiency is the kind of efficiency he means (Daly, 1991a (Daly, : 82, 1992 Daly and Cobb, 1989: 59; Daly and Farley, 2011: 457) .
This framework is supposed to be substantially different from the standard environmental economics solution of 'getting the prices right'. Externality theory, Daly argues, subsumes the scale problem under allocation by assuming that once all prices are internalised, there will be no scale problem as prices reflect true scarcity. However, if scale it set first, then there is nothing wrong with using the market mechanism for what it is good at: determining prices that reflect relative resource scarcity. Faith in the market mechanism to yield Pareto efficient outcomes is reflected not only in steady-state theory but has also become a foundation for several influential ecological economic textbooks (Common and Stagl, 2005; Costanza et al., 2015; Daly and Farley, 2011) .
Any theory needs to be logically consistent, as one criterion among others, to serve as a good compass and guideline for effective action, especially so if the aim is to convince politicians, policy makers and academics to advocate and implement steady-state proposals. Daly himself says in the Preface of Steady-State Economics that "we should be concerned with whether […] arguments are valid or invalid, and whether underlying values are good or evil" (Daly, 1991a: xvi) and "to refute an argument one must find either a factual error in the premises or a logical error in the reasoning" (Daly, 1991a: xi/xii). Despite Daly's appeal for theories based on logical reasoning and ethical considerations, there has been very little critique of steadystate economics. Mainstream economists tend to ignore it, do not know about it or dismiss it as naïve, and much of the ecological economics community embraces it as a useful and pragmatic vision of a sustainable society.
The purpose of this paper is to offer a critique of steady-state theory with a view to stimulating dialogue and establishing a constructive research agenda. Thinking through the steady-state edifice step by step reveals that it relies on the neoclassical understanding of the economy. If neoclassical theory is dropped (and several reasons will be provided why this is necessary), steady-state economics remains a rather shallow normative framework stipulating that the economy 'should' stay within the limits of the ecosystem and that resulting redistribution issues 'should' be tackled in a relatively just way. Steady-state economics does not explain how growth dynamics emerge, why steady-state proposals face extreme implementation barriers, how wealth is distributed, why society changes, etc. In other words, it does not have a social or economic theory of its own that explains social ecological dynamics.
The paper primarily draws on Daly's works, for several reasons: he established steady-state economics and has written most extensively about it; his contributions still influence major advances of steadystate economics, lately sometimes under the name of ecological macroeconomics (Rezai and Stagl, 2016) ; and his works are most insightful in revealing the theoretical essences of the steady-state approach. The structure of the argument is as follows. Section 1 introduces the foundations of steady-state theory. Section 2 deconstructs these foundations by highlighting that steady-state economics relies on the neoclassical theory of demand, supply, and general equilibrium theory, which leads to theoretical inconsistencies, contradictions and unresolved issues. This section also includes some presentation of alternatives on the issues covered. Section 3 demonstrates that steady-state economics not only relies on neoclassical theory but also neoclassical thinking, which is problematic for similar reasons. Section 4 discusses why this analysis matters. Section 5 summarises and concludes that ecological economics requires sound theories that explain the emergence and dynamics of social ecological phenomena.
The Ambiguous Nature of Steady-State Theory
The steady-state approach seems reasonable at first. The idea is to limit the use of natural resources, distribute them fairly amongst people and do this in an efficient manner. Market efficiency is proposed as the third goal of steady-state economics to solve 'the allocation problem'. However, what does this really mean? What is 'the allocation problem'? What is efficient? For whom? And how is it to be achieved? This section reveals that allocative efficiency is not a neutral concept in neoclassical economics but integrated in its very core. Accepting allocative efficiency in the way Daly suggests implies accepting the neoclassical understanding of capitalist dynamics -the theory of demand, the theory of supply, and general equilibrium theory. This move is highly problematic, as these theories are flawed in at least two ways: they are internally incoherent, and thus fail on their own terms; and they are unrealistic, and thus do not capture essential dynamics of real-world economies that are key for explaining and addressing social ecological problems.
Allocation and Perfect Markets: The Adoption of Neoclassical Microeconomics
Allocative efficiency is endorsed in steady-state economics based on the claim that markets solve the allocation problem and deliver Pareto optimal societal outcomes.
"Yes, the market should certainly be the main mechanism for solving the problem of efficient allocation of resources […] . We must use the market to solve the allocation question, but we cannot expect it to solve the scale and distribution questions" (Daly, 1996: 13) . "The invisible hand [is] wonderful for allocation" (Daly, 1996: 59) . "The best we can hope for from a perfect market is a Pareto-optimal allocation of resources" (Daly, 1996: 32) .
